Several studies have reported tissue blood flow and tissue oxygen tension during anesthesia, whereas there are few reports that discuss the relationship between tissue blood flow and tissue oxygen tension. The goal of this study was to investigate the relationship between these two variables before and after stellate ganglion block (SGB). We utilized 8 male Japan White rabbits. Anesthesia was maintained with propofol. For SGB, 0.2 ml of 1% lidocaine was injected and changes in mandibular bone marrow blood flow (BBF) and mandibular bone marrow oxygen tension (PbO 2 ) were observed (Group B). After the observed variables completely recovered, 0.2 ml of 1% lidocaine was again injected and changes in masseter muscle blood flow (MBF) and masseter muscle oxygen tension (PmO 2 ) were observed (Group M). The observed variables were hemodynamic parameters, common carotid artery blood flow, L (left side)-BBF, R (right side)-BBF, L-PbO 2 , R-PbO 2 , L-MBF, R-MBF, L-PmO 2 and R-PmO 2 . In both groups, positive correlations (r‫;99.0ס‬ y‫86.0ס‬x‫94.3מ‬ in Group B and r‫;99.0ס‬ y‫26.0ס‬x‫74.0ם‬ in Group M) were observed when tissue blood flow was set at the X-axis and tissue oxygen tension at the Y-axis. In contrast, when tissue blood flow was set at the Y-axis and tissue oxygen tension at the X-axis, two regression lines almost overlapped (y‫74.1ס‬x‫21.5ם‬ in Group B and y‫95.1ס‬x‫82.0מ‬ in Group M). Therefore, it is estimated that tissue blood flow increases by approximately 15 ml/min/100g when tissue oxygen tension increases by 10 mmHg. In conclusion, there is a positive correlation between tissue blood flow and tissue oxygen tension. Changes in tissue oxygen tension should reflect the increase or decrease in tissue blood flow.
Introduction
In oral and maxillofacial surgery, especially in orthognathic surgery, control of bleeding from bone marrow has an important influence on performance. Consequently, several studies on control of oral tissue blood flow during anesthesia have been conducted [2] [3] [4] [7] [8] [9] [10] 12, 14, 16, 18) . Common methods for observation of tissue blood flow include hydrogen clearance tissue blood flowmetry 1) , microsphere injection technique 18, 20) , thermal diffusion flowmetry 10) and laser Doppler flowmetry 25) . Hydrogen clearance tissue blood flowmetry and microsphere injection technique allow observation of absolute values, but do not allow continuous monitoring of tissue blood flow. In contrast, thermal diffusion flowmetry allows continuous monitoring of change in tissue blood flow, but does not allow observation of absolute values. Laser Doppler flowmetry is suitable for continuous monitoring of blood flow at the tissue surface.
In previous studies, it has been reported that tissue oxygen tension decreased with decrease in tissue blood flow following hypotension 5, 7, 8, 10) , tissue ischemia 19) and felypressin administration 13) . These reports 5, 7, 8, 10, 13, 19) suggested that tissue oxygen tension decreased as tissue blood flow decreased. However, these experimental conditions were not physiological. Therefore, the relationship between tissue blood flow and tissue oxygen tension under stable blood pressure and heart rate remains to be clarified.
In this study, tissue oxygen tension was observed during not only decrease but also increase in tissue blood flow using SGB 20, 23) , which was able to induce change in blood flow with minimal changes in blood pressure and heart rate, and the relationship between these two variables was clarified. Targeted variables included common carotid artery blood flow (CCBF), mandibular bone marrow blood flow (BBF), mandibular bone marrow oxygen tension (PbO 2 ), masseter muscle blood flow (MBF) and masseter muscle oxygen tension (PmO 2 ).
Materials and Methods

Animals
Eight male Japan White rabbits (2.2-2.7 kg) were utilized. Rabbits were purchased from Sankyo Labo Company, Tokyo. This study was performed according to The Guidelines for the Treatment of Experimental Animals at Tokyo Dental College. All animals were allowed food and water ad libitum until the morning of the experiment.
Experimental design
Anesthesia was induced by inhalation of 4.0% isoflurane in oxygen delivered using a mask. Before skin incisions were made for tracheostomy and femoral artery cannulation, 0.3 ml of 1% lidocaine without epinephrine was injected. A #20 Fr non-cuffed pediatric tracheal tube was inserted into the trachea through the tracheostomy. The left auricular marginal vein and right femoral artery were cannulated with 22-and 20-gauge Teflon indwelling catheters, respectively. After intravenous acetated Ringer's solution was started at 10 ml/kg/hr, the animals were paralyzed with 14g/kg/min rocuronium bromide (Eslax, Schering-Plough, Tokyo) and mechanically ventilated. End-tidal tension of carbon dioxide (ETCO 2 ) was maintained at about 35 mmHg with an anesthetic gas monitor (Capnmac, Datex, Helsinki). Femoral artery blood pressure was continuously monitored with a pressure transducer (P231D; Gould, Oxnard, California). Heart rate (HR) was recorded by a tachograph triggered by blood pressure wave. CCBF was measured with an ultrasound flowmeter (T108; Transonic, Ithaca, NY). A flow probe (type 3SB) was applied to the isolated left common carotid artery.
After the skin incision along both left and right lower margins of the mandible without local anesthesia, the periosteum of the mandibular body was exposed. The periosteum was detached to expose the surface of the mandibular body on both sides. Two small holes (approximately 1 mm in diameter, one in the left side and the other in the right side) perforating into the bone marrow through the cortical bone were drilled with a round bur (ISO. 008, Morita, Japan). The two pairs of needle probes of a hydrogen clearance tissue blood flowmeter (UHE-100, Unique Medical, Japan) and a PO 2 monitor (PO 2 -100DW, Unique Medical) were inserted into the left (L) and right (R) bone marrow to measure BBF and PbO 2 , respectively. In addition, the fascia of the masseter muscle was detached to expose the masseter muscle on both sides. The two pairs of needle probes of a hydrogen clearance tissue blood flowmeter and a PO 2 monitor were inserted into the left and right masseter muscle to measure MBF and PmO 2 , respectively. Two 24 -gauge Teflon indwelling catheters were used to fix the needle probes. Teflon catheters (1.5 cm long from the hub) were fixed using utility wax. The needle probes of a hydrogen clearance tissue blood flowmeter and a PO 2 monitor were inserted into the Teflon catheters (one needle in one catheter). The tips of each needle probe were adjusted so as to be 1 mm apart from each other and were fixed to mandibular bone marrow or masseter muscle.
After completion of experimental preparations, isoflurane inhalation was discontinued. Then, propofol was started at 12 mg/kg/hr and maintained at that level for more than 60 min to stabilize the hemodynamic and respiratory parameters. Body temperature was continuously monitored with a rectal probe and maintained between 39.0 and 39.5°C with the aid of a heating lamp. The observed parameters were systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), HR, CCBF, L-BBF, R-BBF, L-PbO 2 , R-PbO 2 , L-MBF, R-MBF, L-PmO 2 and R-PmO 2 . All data, except BBF and MBF, were continuously recorded on a polygraph (Series360 NEC, Sanei, Tokyo).
For SGB, the tip of the needle was placed on the left transverse process of the cervical vertebra, 1-2 mm caudal to the cricoid cartilage 21, 23) . A 26-gauge needle connected to a 1-ml disposable syringe was used. After confirming contact of the tip of the needle with the left transverse process, 0.2 ml of 1% lidocaine was injected and changes in BBF and PbO 2 were observed (Group B). More than 60 min was allowed for the observed parameters to completely recover. After that, 0.2 ml of 1% lidocaine was injected and changes in MBF and PmO 2 were observed (Group M).
Data were recorded immediately before SGB (Pre) and at the time when maximal change in tissue oxygen tension was observed after SGB (Post). The mean of the Pre values for BBF, MBF, PbO 2 and PmO 2 were calculated and served as a control.
Statistical analysis
In this study, data are expressed as the mean‫ע‬standard deviation. Linear regression and the Pearson correlation coefficient were used to analyze the relationship between tissue blood flow and tissue oxygen tension. A one-way analysis of variance for repeated measurements followed by the Student-NewmanKeuls test for multiple comparisons were used. p-values of less than 0.05 were considered statistically significant.
Results
There were no differences between Pre and Post values for HR, SBP, DBP and MAP in both groups. There were no differences in Pre values for CCBF in both groups. CCBF showed a significant increase from Pre to Post in both groups, whereas there were no differences in Post values for CCBF in both groups (Table 1) .
There were no differences in Pre values for BBF, MBF, PbO 2 and PmO 2 on both sides. All these variables showed significant change from Pre to Post (Table 2) . L-BBF, L-PbO 2 , L-MBF and L-PmO 2 significantly increased after SGB in both groups. In contrast, R-BBF, R-PbO 2 , R-MBF and R-PmO 2 significantly decreased after SGB in both groups (Table 3) .
In both groups, positive correlations (r‫;99.0ס‬ y‫86.0ס‬x‫94.3מ‬ in Group B and r‫;99.0ס‬ y‫26.0ס‬x‫74.0ם‬ in Group M) were observed when tissue blood flow was set at the X-axis and tissue oxygen tension at the Y-axis (Figs. 1, 2) .
Conversely, when tissue blood flow was set at the Y-axis and tissue oxygen tension at the X-axis, two regression lines almost overlapped (y‫74.1ס‬x‫21.5ם‬ in Group B and y‫95.1ס‬x ‫82.0מ‬ in Group M) (Fig. 3) .
Discussion
In this study, positive correlations were observed between tissue blood flow and tissue oxygen tension in both bone marrow and muscle.
Anesthesia was maintained with 12 mg/kg/ hr propofol and room air. Tissue oxygen tension increases under 100% oxygen in comparison with room air. Therefore, the rabbit was mechanically ventilated with room air. Because propofol was most appropriate to this environment in our pilot study, propofol was used in this study. The infusion rate of propofol was 12 mg/kg/hr. According to previous studies 4, 14) , this value is based on the blood concentration of propofol at Cp50skin incision. In our previous study, the infusion rate of rocuronium bromide which provided stable muscular relaxation was 14g/kg/min 23) .
The relationship between tissue blood flow and tissue oxygen tension was investigated before and after SGB. SGB inhibits nerve conduction via sympathetic preganglionic fibers to the superior and middle cervical ganglions and postganglionic fibers of the stellate ganglion 15) . Tissue blood flow in head, face, neck and upper limbs is increased by its symTissue Blood Flow and Tissue Oxygen Tension patholytic effects 21, 22) , whereas tissue blood flow is decreased on the non-block side 17, 22, 26) . Therefore, it is possible to observe change in tissue oxygen tension during increase or decrease in tissue blood flow at the same time. Consequently, SGB was adopted in this study as an experimental strategy to increase or decrease tissue blood flow.
In our previous study, changes in MBF and PmO 2 were observed after SGB on the left side. L-MBF, L-PmO 2 , R-MBF and R-PmO 2 were approximately 70 ml/min/100g, 40 mmHg, 35 ml/min/100g and 25 mmHg, respectively 24) . These data are almost on the regression lines of Figs. 1 and 2 , respectively. Therefore, it is suggested that the results of this study are reasonable.
It has been reported that cerebral cortical oxygen tension decreased by 5% when cerebral blood flow decreased by 15% to 20% during acute hypotension 7, 8) . Myocardial tissue oxygen tension in the inner layer decreased by approximately 20% when coronary blood flow decreased by approximately 50% after administration of felypressin 13) . Liver and renal oxygen tension decreased by approximately 25% and 30% when liver and renal blood flow decreased by approximately 35% during Terakawa Y et al. deliberate hypotension 5) . Although it is difficult to compare the results of these studies with those of the present study because of the different experimental methods, it is suggested that tissue oxygen tension will decrease depending on decrease in tissue blood flow. In contrast, nasal mucosal oxygen tension increased after SGB 11) . However, in this study, change in nasal mucosal blood flow was not observed.
It has been reported that a correlation between cerebral blood flow and cerebral cortical oxygen tension was observed using thermal diffusion flowmetry during cerebral ischemia 19) . Although the observational method was different from this study, the correlation between them is almost equal to the correlation between BBF and PbO 2 , and MBF and PmO 2 obtained in this study.
In this study, increase or decrease in tissue oxygen tension was observed using SGB, which was able to induce change in blood flow with minimal change in blood pressure and heart rate 22) . Based on the results of this study, it was demonstrated that there was a strong relationship between tissue blood flow and tissue oxygen tension. Changes in tissue oxygen tension should reflect increase or decrease in tissue blood flow. PO 2 monitoring allows continuous observation of tissue oxygen tension 6, 10) . In contrast, hydrogen clearance tissue blood flowmetry allows observation of absolute values, but does not allow continuous monitoring of tissue blood flow 1) . In this study, when tissue oxygen tension was set at the X-axis and tissue blood flow at the Y-axis, the regression lines of mandibular bone marrow and masseter muscle were y‫74.1ס‬x‫21.5ם‬ and y‫95.1ס‬x‫,82.0מ‬ respectively. Therefore, it is estimated that tissue blood flow will change by approximately 15 ml/min/100g when tissue oxygen tension, which can be continuously monitored, changes by 10 mmHg.
In this study, rabbits were mechanically ventilated with room air. A different concentration of oxygen might result in a different regression line between tissue blood flow and tissue oxygen tension. In addition, blood pressure and arterial CO 2 tension might affect the relationship between oral tissue blood flow and oxygen tension. Further study is needed to analyzed these relationships.
In conclusion, there was a positive correlation between tissue blood flow and tissue oxygen tension. Changes in tissue oxygen tension reflect increase or decrease in tissue blood flow.
